Prediabetes is the precursor stage of diabetes mellitus and is also considered to be a risk factor for the development of cardiovascular disease. Atherogenic indices have been used for assessment of risk for cardiovascular disease development. To date, there is no data on evaluating the relationship between atherogenic indices (cardiac risk ratio (CRR), atherogenic coefficient (AC), and atherogenic index of plasma (AIP)) and carotid intima-media thickness (CIMT) in prediabetes. Hence, we aimed to determine atherogenic indices (CRR, AC, and AIP) and CIMT in prediabetic subjects and then sought to evaluate the relationship between them. A total of 400 human subjects were included in the present study, out of which 200 were prediabetic subjects and 200 were normal healthy control subjects. For each subject, CRR, AC, and AIP were calculated from routine lipid parameters and carotid intima-media thickness was measured as well. Atherogenic indices, that is, CRR, AC, and AIP, were significantly increased in prediabetic subjects as compared to the controls (5.87 ± 0.87 vs. 4.23 ± 0.50, p < 0.001; 4.87 ± 0.87 vs. 3.23 ± 0.50, p < 0.001; and 0.29 ± 0.07 vs. 0.09 ± 0.09, p < 0.001, respectively). Moreover, a significant and positive correlation was observed between CIMT and AIP (r = 0.529, p < 0.01), CRR (r = 0.495, p < 0.01), and AC (r = 0.495, p < 0.01). Prediabetic subjects present abnormalities in atherogenic indices and CIMT, which indicate a greater propensity of prediabetes for the development of cardiovascular disease. Hence, atherogenic indices can be used in addition to routine lipid parameters for the better assessment of subclinical atherosclerosis in prediabetic subjects.
Introduction
Prevalence of diabetes, which is associated with an increase in morbidity and mortality, is increasing and it is one of the major healthcare problems in the world [1] . According to the pathogenesis and natural history of diabetes, it has a prolonged prediabetic phase, which is considered to be a high-risk state for diabetes [2] and can be defined by glycemic levels that are higher than normal but below the diagnostic parameters required for a diagnosis of diabetes [3] . The prevalence of prediabetes is increasing globally. In the year 2015, the International Diabetes Federation estimated that the worldwide prevalence of prediabetes was 318 million and is predicted to reach 482 million by the year 2040 [4] . In India, the prevalence of prediabetes was reported to be 10.3% in the year 2017 [5] .
The prediabetic subjects were diagnosed on the basis of American Diabetes Association (ADA) guidelines as:
(a) Fasting plasma glucose level 100-125 mg/dL (Impaired fasting glucose, IFG), and (b) 2-h plasma glucose (after giving 75 g of glucose) level 140-199 mg/dL (Impaired glucose tolerance, IGT) [17] .
Those with a normal range of blood glucose level had been selected as the control group (Fasting plasma glucose (FPG) < 100 mg/dL, 2-h plasma glucose concentration after giving 75 g of glucose < 140 mg/dL).
Exclusion Criteria
Subjects with type 2 diabetes mellitus, cardiovascular disease, renal disease, hepatic disease, pulmonary tuberculosis, acute or chronic inflammatory disease, gout and arthritis, prolonged illness, subjects not willing to give consent or refusing to participate in the study, and patients receiving medicines known to alter glucose and lipid metabolism were excluded from the present study. Patients with triglyceride levels of 400 mg/dL and above were also excluded from the study.
Anthropometric Measurements
Both weight and height were measured in light clothes and without shoes using the standard apparatus. The weight was measured using calibrated electronic weighing scales prior to eating in the morning and height was measured to the nearest centimeter using a portable stadiometer. Body mass index (BMI) of the participants was calculated using standard formula; BMI = Weight (kg)/(Height (m)) 2 . Waist circumference (WC) was measured using an anthropometric tape at a level on the skin midway between the mean point of iliac peak and the inferior border of the last rib at the level of the umbilicus while in a standing position at the end of gentle expiration. Hip circumference (HC) was measured over the widest part of the gluteal region at the level of pubic tubercle in standing position. Waist-to-hip ratio (WHR) was obtained by waist circumference (cm) divided by hip circumference (cm).
Blood Pressure Measurements
The systolic and diastolic blood pressures were taken after 10 min of resting by using a standardized mercury sphygmomanometer using standard recommended procedures.
Measurement of Carotid Intima Media Tthickness
The measurement of CIMT was done by using a high-resolution B mode ultrasonography system (Hitachi Aloka Medical Ltd., Tokyo, Japan) having an electrical linear transducer mid-frequency of 7.5 MHz. The patients were examined in the supine position with the neck extended and the probe in the anterolateral position. The measurements of carotid intima-media thickness were made in accordance with a previous study [18] . All CIMT measurements were performed in both the right and left carotid arteries and then the average of the right and left CIMT values were obtained. All measurements were performed by a well-trained sonographer who was blinded to all clinical data of the patients.
Biochemical Measurements
Five milliliters of venous blood samples were obtained from all participants under all aseptic precautions after at least 10-12 h of overnight fasting and dispensed into two different tubes based on analysis to be done. About 2 mL blood sample was taken into a fluoride bulb for estimation of fasting plasma glucose and the remaining 3 mL blood sample was dispensed into a plain bulb for analysis of lipid parameters. After that, 75 g of glucose was given orally to each participant and plasma glucose concentrations were measured at 120 min during an oral glucose tolerance test (OGTT). The collected blood samples were centrifuged at 3000 rpm for 10 min in order to get serum/plasma and all the analyses were done on the fresh serum/plasma on the same day of blood collection. All the biochemical parameters, that is glucose, total cholesterol, triglyceride, and HDL were analyzed on Mindray BS-400 chemistry analyzer (Mindray Medical International Ltd., Shenzhen, China) using commercially available kits from ERBA Diagnostics, Mannheim, Germany. LDL-cholesterol and very low-density lipoprotein (VLDL)-cholesterol were calculated using the Friedewald equation [19] . Cardiac Risk Ratio (CRR) was calculated as TC/HDL, atherogenic coefficient (AC) was calculated as non-HDL/HDL (where non-HDL is the TC-HDL), and atherogenic index of plasma (AIP) was calculated as logTG/HDL, where the concentration of TG and HDL are in mmol/L.
Statistical Analysis
All the data were presented as mean ± standard deviation. Statistical Package for Social Science version 20 (IBM, SPSS Statistics 20, Armonk, NY, USA) was used for data analysis. The Shapiro-Wilk test was used to check the normal distribution of data. Student's independent sample T-test was used for intergroup comparisons of normally distributed parameters, whereas the Mann-Whitney U test was used for the intergroup comparisons of skewed data. A chi-squared test was used for categorical data. Pearson's correlation was used to find the possible relationship between studied parameters. A p value of less than 0.05 was considered to be statistically significant. Table 1 shows the sociodemographic and biochemical characteristics of the studied subjects. There was no difference in terms of age and gender between prediabetic and control subjects, indicating that subjects with both the groups were age and gender matched. Subjects with prediabetes had a significantly increased mean BMI, WC, HC, and WHR compared with the control subjects, indicating that prediabetic subjects had a higher rate of general obesity (based on BMI) and central obesity (based on WHR). Both systolic blood pressure and diastolic blood pressure were significantly increased in prediabetic subjects as compared to controls. The lipid parameters, that is, total cholesterol, triglyceride, LDL-C, and VLDL-C, were significantly increased in prediabetic subjects as compared to controls. Patients with prediabetes had significantly lowered HDL values compared with control subjects. Figures 1 and 2 show comparison of CIMT and atherogenic indices between control and prediabetic subjects, respectively. The CIMT was found to be increased significantly in prediabetic subjects as compared to control subjects (0.69 ± 0.04 mm vs. 0.57 ± 0.03 mm, p < 0.001). Atherogenic indices, that is, CRR, AC, and AIP, were significantly increased in prediabetic subjects as compared to the controls (5.87 ± 0.87 vs. 4.23 ± 0.50, p < 0.001; 4.87 ± 0.87 vs. 3.23 ± 0.50, p < 0.001 and 0.29 ± 0.07 vs. 0.09 ± 0.09, p < 0.001, respectively). Table 2 shows the correlation of AIP, CRR, AC, and CIMT with cardiovascular risk factors in prediabetic subjects. AIP was significantly and positively correlated with all the cardiovascular risk factors, i.e., BMI, WHR, systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting plasma glucose (FPG), two hour post glucose (2 h-PG), TC, TG, LDL, and VLDL, but not with HDL, which was negatively correlated in prediabetic subjects. CRR was significantly and positively correlated with BMI, WHR, SBP, DBP, FPG, 2 h-PG, TC, TG, LDL, and VLDL but not with HDL, which was negatively correlated. Also, there was a significant positive correlation of AC with BMI, WHR, SBP, DBP, FPG, 2 h-PG, TC, TG, LDL, and VLDL. Significant negative correlation was observed between AC and HDL. Similarly, CIMT was significantly and positively correlated with BMI, WHR, SBP, DBP, FPG, 2 h-PG, TC, TG, LDL, and VLDL. Significant negative correlation was observed between CIMT and HDL. In addition, AIP, CRR, AC, and CIMT were found to be significantly and positively correlated with age in prediabetic subjects, indicating that as the age advances, the risk of cardiovascular disease development increases. Table 3 shows the correlation of AIP, CRR, AC, and CIMT with cardiovascular risk factors in control subjects. Table 4 shows correlation of atherogenic indices with CIMT in prediabetic and control subjects. A significant and positive correlation was observed between CIMT and AIP, CRR, and AC in prediabetic subjects, whereas in control subjects, the correlation was not significant. 
Results

Discussion
Prediabetes is the intermediate state of abnormal glucose regulation that lies between normal blood glucose levels and type 2 diabetes mellitus and has been considered as a risk factor for diabetes mellitus and cardiovascular disease (CVD) [20] . In this cross-sectional study, we determined the atherogenic indices (CRR, AC, and AIP) and CIMT in prediabetic subjects and assessed the relationship between them.
Dyslipidemia plays a major role in the pathophysiology of atherosclerosis and is associated with increased risk for the development of CVD [21] . Low-density lipoprotein (LDL) is the primary atherogenic lipoprotein, whereas high-density lipoprotein (HDL) is the predominant antiatherosclerotic lipoprotein [22, 23] . In our study, we found significant increased levels of TC, TG, LDL-C, and VLDL-C in prediabetic subjects as compared to controls except for HDL-C, which was significantly decreased. This dyslipidemic pattern in prediabetes is very much similar to the findings of previous studies [7, 8, 24] . Insulin resistance may lead to the abnormality of lipid and lipoprotein in the hyperglycemic state. There occurs hyperinsulinemia, enhanced hepatic gluconeogenesis, and glucose output in an insulin resistant status. In addition, insulin resistance decreases the suppression of lipolysis in adipose tissue, leading to high free acid flux and enhances the secretion of hepatic very low-density lipoprotein. This condition leads to increased TG and reduces the levels of HDL-C [25, 26] . It is well known that the increase in TG levels increases the level of small dense LDL, which finally causes an increased risk for the development of cardiovascular disease [27] . This is due to small dense LDL particles having strong atherogenic characteristics, and they can cause atherosclerosis by increasing the process of lipid peroxidation and generating reactive oxygen species [15] . HDL reduces the peripheral cholesterol by transporting it to the liver. In addition to this, it also contains antioxidant enzymes such as paraoxonase [28] . Thus, the HDL-C is considered as antiatherogenic and may exert a protective effect on atherosclerotic heart disease [29] . Decreased HDL cholesterol levels are strongly associated with increased risk for cardiovascular disease and thickness of carotid intima-media [30] . In addition to the traditional lipid parameters, we have calculated atherogenic indices, that is, CRR, AC, and AIP. The CRR has been found to be significantly elevated in prediabetic subjects as compared to healthy controls, indicating that prediabetic subjects are at increased risk for the development of cardiovascular disease in future. The AC in the prediabetic subjects was significantly higher than that of control subjects. Non-HDL cholesterol is said to be an appropriate surrogate marker for total apolipoprotein B because of its high correlation with the apolipoprotein B levels. However, in routine clinical practices, standardized measurements of apolipoprotein B are not always available [31] . So, this simple ratio of non-HDL (atherogenic) and HDL (antiatherogenic) cholesterol could provide valuable information in identifying subjects who are at risk for cardiovascular disease [32] . Recently, AIP has been introduced, which is a mathematical relationship between TG and HDL-C and has been successfully used as an additional index for assessment of cardiovascular risk. It was shown to be a better predictor for myocardial infarction and atherosclerotic heart diseases [33, 34] . This is because AIP is positively correlated with the fractional esterification rate of HDL (FERHDL) and is inversely correlated with LDL particle size. This ratio accurately reflects the presence of atherogenic small LDL and HDL particles and is considered as a sensitive predictor of coronary atherosclerosis and cardiovascular risk [35] .
Indeed, it has been suggested that AIP values of −0.3 to 0.1 are associated with low, 0.1-0.24 with medium, and above 0.24 with high CV risk [36] . In our study, AIP values were significantly higher in prediabetic subjects compared to controls, which is in line with the studies done by Regmi et al. [37] and Thiyagarajan et al. [38] , and an AIP value of 0.29 ± 0.07, as observed in our study, indicates that prediabetic subjects are at high risk for the development of cardiovascular disease in future.
Atherosclerosis, one of the driving forces of CVD, is a disease that progresses silently over several decades before symptoms eventually occur. Ultrasonography of the carotid artery has become a useful tool to noninvasively identify early stage atherosclerotic changes in the arterial wall. Intima-media thickness and detection of plaque formation can be used as early and sensitive indicators for early stage atherosclerosis [39, 40] . As an easy and cheap marker, CIMT measurement has been widely used for the detection of subclinical atherosclerosis [41] . In several studies conducted with patients having prediabetes, it has been reported that the values of CIMT are higher in prediabetic subjects compared to healthy controls [42] [43] [44] . In our study, we also found that CIMT values of prediabetic subjects were increased significantly as compared to the values obtained in control subjects. A thickened CIMT does not immediately lead to cardiovascular events but reflects the degree of atherosclerosis elsewhere in the arterial system [45] .
To the best of our knowledge, this was the first study that has investigated the relationship between atherogenic indices and CIMT in prediabetic subjects and found that the atherogenic indices were significantly and positively correlated with CIMT, which is the well-known marker of subclinical atherosclerosis. However, such correlations were not observed in control subjects. A strong positive correlation between CIMT and AIP has been shown in different studies, and it has been reported that AIP values can be used as a strong predictive marker of subclinical atherosclerosis [46] [47] [48] [49] . Hence, in the present study, we demonstrated that atherogenic indices could be used for the assessment of the risk of subclinical atherosclerosis in prediabetic subjects.
The advantage of this study is that the subjects were selected on the basis of both fasting plasma glucose and 2-h plasma glucose (after giving 75 g of glucose). In addition, our study was carried out in a large sample size and was adequately powered since the significance of results was high. Despite advantages, our study has major limitations because of cross-sectional nature of the data which limits the inferences about causal relationships.
Conclusions
In conclusion, atherogenic indices, i.e., CRR, AC, and AIP, and CIMT were higher in prediabetic subjects compared with normal healthy individuals. Moreover, there was a strong correlation of these atherogenic indices with CIMT values. These results indicate greater propensity of prediabetes for the development of cardiovascular disease. Hence, atherogenic indices can be used in addition to routine lipid parameters for the better assessment of subclinical atherosclerosis in prediabetic subjects since these indices are inexpensive and can be calculated from routine lipid parameters. However, further studies are needed in order to get more precise results.
Author Contributions: R.K.M. and N.S. conceived and designed the research project; R.K.M., V.R. and R.K.S. collected the data and did laboratory analysis; A.G. performed the ultrasonography of carotid artery and read the CIMT; R.K.M. did statistical analysis and all authors involved in interpreting the results; R.K.M. and N.S. wrote the paper and all other authors were major contributors in critically reviewing the manuscript; N.S. supervised the project. All authors read and approved the final version of manuscript.
Funding:
The authors received no financial support for the research.
